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Earth from Sky
R.qdar s)7st.enls carried  aloft hy the

space sh u 1. I.le I ;II dcavour  pm\7idc  :) nw7

pmSpf?ct.iVc  of” the cart.h’s m}7inmmmt,

by l)ianc  1.. IWms, }{llm  R. Stofan,  I’homas  1). .Jomx and  1 ,imla M. Godwin

s Oon af(cr launch on l;ri-
day, September 30, the
crew of the space shultlr

I:rrdrmour  were Ircatcd  t o  a
cfrarna[ic  sight. ‘J’hc  Kliuchcv
skoi volcano in Kamchatka,
Russia, was spewing plumes
of as]] 65,000 fccI  into  the air.
Afler 49 years, the volcano hat]
chosen to crwpt  t}mt very day.
I(ndcavout  was carryiTlg  a so-
phisticat(’d  raclar sys(cm de-
signed to study t}w carl}l’s  ge-
ology aT]d environment. “J’hc
cqui]nncnl  )tad flown only once
before, IIIC ~wcccding April.
‘1’hc radar planning tcarT] quick-
]~ ChaTlgCCl  thc’ SChCC]U\C  dUr-
ing lhc next f’cw orbits to cap-
ture the fiery peak on fihn.

Nor was that the only natu-
ral event 10 coiTlciclc  with  l:n-
demwr’s  1 2-day  flight. On
‘lUcsciay,  October 4, an carOt-
quakc  struck near the island
of 1 lokkaido  in Japan. Some
hours later Mrckmvour  was able
to scan the coastline for dam-
age froTn tsunamis.

Raclar  systems, such as the
one on board  Endcavour,  emit
raciiatio]]  of relatively long
wavclcnglhs-  ranging frorT] a
fcw to tens of ccn[inlctcrs-
and record tllc  echo rcturncc]
by a so rfacc. ~ompzrrison  of
the origitTal  aTld the reflected
ray tells rcscarchcrs  the dis-
tance, size, orientation, rough-
ness and other  characteristics. .

SPAOi SIIU1-l’l  1 l:NIM:A VOUK views the ear[h with radar.
Visible on the shutde arc flat antenna panels that cmi(
three wavelcnghs  of radar, accompanying electronics
( rnm-kd ‘~1’l.”) and an apparatus for measuring atrnm
spheric pollution from .Salcllites (marked “I,aKC””).

bright at most wavelengths.
Ancl whereas a long wavc-
lcnglh  can pass right through
a hurricane, a short one might
divulge dc(ails  of a slorm sys-
tem’s core.

American ancl EuropeaTl  sci-
entists worked (ogcther  for
years 10 build the radar  sys-
tcrns  on board Mimvour.  We
used three  wavclenp,ths-  - o f
three, six aTId 24 ccntinwtcrs-
Ca]]Cd  X-hZITIC],  ~-baTld  <lTld 1,-
b a n d ,  rcspcctivc]y.  “J’}w  t w o
lon.gcr wavclcng[hs of radia[ion
were cmittccl b y  t h e  Spacc-
bornc  Imaging I{adar-c  (SIR-C,
pronounced “sirscc”) instru-
ment. Scientists at the Nation-
al Aeronautics and SJ>acc  Ad-
nliTtis{ratioT1’s Jcl Propulsion
L a b o r a t o r y  (J1’1,) dcvc!opcd
this equipment and the data
processor in Pasadena, (:alif.,
where the information is rc-
tricvcd and studied.

‘1’he radiation from SIR-~ is
polarized, so that i~s electric
fickf  vibrates either in the ver-
tical or in the horizontal direc-
tion. l’hc  rcflcctcd  rays may bc
received either vertically or
horizontally polarize(i, giving
scientists another means of
discrimination. For cxaTnJ)lc,
vertical tree branches may re-
flect one polarization better
than the other, allowing inves-
tigators  to distinguish between
different types of vegetation.

oi the reilcctor.  For example, an object tends to reflect that ‘I”lic other radar, X-lkmd  Synthetic AJ)cr[urc Radar (X-SARJ
wavclcng[h  of radar that matches its own size. prorlounccd  “cxsaar”), operates at three  centirnctcrs,  clnit-

lf tl]c surface is oriented so that it reflects the radar rigl]t ting, arid dctcc(ing  only vertically polarizcc]  light. Jt was dc-
back to tlw source the way a mirror does, it will look bright. vcloj)cd  by I]IC GcrmaT~  AcrosJ)acc  Istab]ishrnent  ant] [hc
If oriented at soJnc other angle, it will look dark. l’caturcs conqlanies  of l)ornicr  in Germany with Alcnia  Spazio  in
that arc rough OJI  the XUIIC scale  iiS the wavelength scatter ltaly,  for the ItaliaT] and German space agencies.
lhc  radiation irl all directions, rather than reflecting it back. On its Al)ril  ancl octobcr  fiixhts,  huieavour’s  orbit was iT~-
“I”hus, plowed fields look bright with shorter-wavelength ra-

.  .
cliTlcd  at 57 dcfyccs  to the equator. I)rifting  slightly on s[Jc-

tiar  and dark with longer wavelengths, whereas forests look







1,OS’1” CI”l’Y 01’ U}IAR in sot]l}]cro [)man
was unrovcrcd  in 1992 using I, AN1).SA 7:
A s  in IIIC origiual  data, (he city  i[sclf is
100 small 10 show op in Ibis image by l:rl-
deawwr. lILII streaks ( pitlk)  just below
the old ]ive]lxxl,  or wadi ( w’hi[c gash),  re-
veal I lurid IwIcls Nmvcrging  on lhc sile.
(Ibal,  one of the  cndumlcd cities of ‘J how
sand [Id [)IIP Atdim Ni{gh[s, \+ras  a dccil-
dcll[ outpost  Wllcl’c cilI’l\wlls asscmt)led

before felryinf: frankincense au 0ss lhc
dcscl L long believed [0 be niylhical,  il
]Jrobal)ly  flourislld froll] about 2800 1;.{.
to A.1). 300. Nw(1I  of the river arc sand
dunes ( mtt{)r)llnk  soulh arc bale  lim~’-
s[ollc rocks  ({{)cC)I),  (:31 hy 02 ]Ililcs; 1,}111
led,  [’l 111 blue,  l,ll\~ fg’c’ell.)

SI[ ,~ ROA1 ) Ill;ly haV(! [filVC’ISCd

[his corner  of IIIC ‘I”aklamakan
I)cscrl,  in (’hina’s  )(injiang  Pmw
incc, cm its wa)’ 10 Persia, lly/,an.
[ium and Rome. ‘1’hc ima~c i s
Ihooghl  (0 con[ain Ihc ruins of
h!iya, atl an(icnt  scltlcmcn(.  ‘1’hc
while s[rcak ( middle) is Ihc Niya
Ri\’cr  flmving  (hrough  ridges
ancl dunes ( hiw). l:.l]llal]c(.l~l(,l][
( imc[)  wvcals  a lineal fca[utc,
probably a mammaclc  GUUII  lcacl-
iug off the rivc[.  Such images  of
rlescr[s and dunes can also help
j,rcclicl  saIIclsloIIIls.  (22 by 5 1
nliics; (’l Ill reel, 1.1111 green,  l.ll\r
hhlc.)



l..
RI C’l,AINII  1 )  1.AN1)  in 1  Icvoland,  Ilw NC> IhCI’-
Iands,  is uscci fm afyiculturc ancl foIL’sIIy. “1 his

i m a g e  f r o m  J“tIdcm’oIIt”S  N~l’il  ll~issioll  sl![)~i’s
bal’(i  fic>]ds (~dl[(’), Almvc  lh(’ Cdl)FI!  (b/(lck)  1s all

0111 fOIC.s{ (ted);  on IIIC (,aml’s  shore  is [IIc’ (it\’

01 llard{’l\Vijl<  (}i’hilt); al}d specks ill [11(’ C2111ill
arc boats.  Such  images aid in studies of crops
and soil condilio]ls,  ‘1’hc pcn[agm~ ( low’) rifghl
[ otm’d is a rcflcclo]  foi  Calilw.+linx  111(’  IadaI.

( 1 S.5 II} 15 miles; l-bald [o(al A, ( -trend 101,11
gt(wn, X-lxInd  lfeI lic all>’ polarized dI Id I<u,iIcd
blue’. )



[ ‘Otflitlm’d frot?l  lmgr 70
cwsivc passes- cacb  orbit took 90 minutes- it cvu~toally
imaged  12 percent of the globe. The raclar wws fcxwscd on
s(wva]  lmndrd sites sclcclccl by the 52 scientific tcarns.

‘1’)Ic  cmv also (cslcc) a ncw tcc}]niqoc  for matcinf~ accura(c
topop,tap}~ic  ]naps.  ‘1’hc radiation is cmi((ccl in phase (as for
a laser). ‘I’l Ic phase of (hc rctorn cc] Jtmvc is clc[cc(cct hy (IVO
scjmratc antcwnac  or by two slightly clispktcccl passes of the
shu(llc, “1’IIc c]iffcrcncc  in phases recorclcc] in the two i]]-
stances cicpcncis  on  the  c{istancc of tbc fcatorc bcins in]-
af:ccl. Such intmfcmmctry has rm’calccl cbanp,cs  as sImll as
ccll(illlctcvx  in the Topography c)f California ant] 1 latvaii lK-
twc’cn the April ancl oclol)er  flights.

‘1’lIc lnllk  of Ihc clata was nc)t turned over to .)1’1. unlil  the
slm[llc  lilll(lCd, }Iul the mm’ transmit[ccl  some  imap,cs di[cc(-
ly to rcscarcllcrs on Ihc  groLIncl,  alonp, wit}) conlnlc~lts  o n
w]ml (hey u!crc sccillf:. ‘1’his iwbal rccorci, togctbcr !vi(h more
than 20,()(K) frames of film that the astronauts cxposccl-  a
rcmrd for  shot(]c missions- is invaluable for intcrprclin~
lIIC data. [’ovcrin~  much broaclcr  areas than the radar swatlI,
i{ l)rol’ides co]ltcxl,  It lms alrcacl) hclpcc] cwplain anomalies
soch  as shado~~~’  rq:ions  in X- ant] (-bancl  images  taken  dur-
in~, ]wav>’ rain in Ihc  Amazon.

10:  1’1S)1:S  ( brown  md white) ride cm swells
in the Wddcll Sea, Antarctica, creating [his
riJ@cct  image.  Stre[chcs of o p e n  water
( M1w) barbor areas w’here new ice is fornl-
ing ( black wisps). Sca icc hinclcrs  heat flow
from (}IC  warm ocean 10 tbc  cold atnlo-
sphere, affecting (hc global climatic  system.
Raclar reveals noI only tbc  ice thickness hot
a lso  the  energy ancl in(wactions of tbc
waves. It is especially oseful  in polar  re-
gions, which have long periocls of darkness
a n d  cx{ensive cloud covw. ((;2 by 1 8.S
rnilcs;  I.IIV reel, 1.1111 green, [1111  blue. )

1.l:\’I  .1: BRI,AKS  clor ing the Mid\vcstern  floocls of 1993
dcposiml  several meters of sancl ( blur) cm farmlands
alorlg the hlissouri  River mar Glasgmv,  hfiss. These farms
may now bcmrnc  a ltl~l(lcly-l)ot[[)r]l  refuge. Some breaks
are visible just below the sharp bend ([q> cen[cr).  Gollics
( yclknv)  from the (Ioocls crisscross Ihc tctrain. I:wfecwcwr
was able 10 rnonilor the April ftocxls of 1994 cwc’n as lhcy
ravaged  parts of tllinois. ttaclar can also measure the wet-
ness c]f soil or snow (such as in California’s Sierra Ncvtr.
da) and help rnanagc water resources. (23 by 16 miles;
1.}111 led, l,IIV grcwn,  inverse of 1,}[1[ + I.IIV bloc. )

}dc’atwr lanclccl at l:cl}~rards  Air I orcc Raw  in (’California
o n  oclobcr  11,  1 9 9 - 1 ,  ba\’it)p,  s(a)cd alof[  an cxlra day to
f]nis]] all its tasks. Ils mission slmvccl  hmv the  unicloc  pcr-
spcctivc’ of s])ace, cor]]binccl tvilh ttlc pmvcr  of radar, can let
u s  cxplc)rc our  p]anc(  itl a \Iw} nm’cr hcforc possib]c.  }rom
lhc images Mkm,  Me cxpcc(  (0 learn }vt]i(ti c(]mbina(ion  of
radai wa\’clcllp,[hs  allci pc)lari7,atiol]s  arc optimat fcm fu ture
stuclics,  l,aol Icl IcYl c)n boarcl a satclli[e, sucl~ a raclar  sys[crn
coulcl Iwcomr  a J]crnla]lcn(  source of il]folnm[ion  atxmt  ttlc
state of tlIc carol’s  forcsls, ri\crs and climate-  ant] po[cn[ial
lta/.arcls  suctI as (’al[hC]lldkCS,  volcanoes  and Jloocls:
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